Objective: To evaluate pregnant/postpartum patients requiring ICUs admission in Argentina, describe characteristics of mothers and outcomes for mothers/babies, evaluate risk factors for maternal-fetal-neonatal mortality; and compare outcomes between patients admitted to public and private health sectors. Design: Multicenter, prospective, national cohort study. Setting: Twenty ICUs in Argentina (public, 8 and private, 12). Patients: Pregnant/postpartum (< 42 d) patients admitted to ICU. Interventions: None. Measurements and Main Results: Three hundred sixty-two patients were recruited, 51% from the public health sector and 49% from the private. Acute Physiology and Chronic Health Evaluation II was 8 (4-12); predicted/observed mortality, 7.6%/3.6%; hospital length of stay, 7 days (5-13 d); and fetal-neonatal losses, 17%. Public versus private health sector patients: years of education, 9 ± 3 versus 15 ± 3; transferred from another hospital, 43% versus 12%; Acute Physiology and Chronic Health Evaluation II, 9 (5-13.75) versus 7 (4-9); hospital length of stay, 10 days (6-17 d) versus 6 days (4-9 d); prenatal care, 75% versus 99.4%; fetalneonatal losses, 25% versus 9% (p = 0.000 for all); and mortality, 5.4% versus 1.7% (p = 0.09). Complications in ICU were multiple-organ dysfunction syndrome (34%), shock (28%), renal dysfunction (25%), and acute respiratory distress syndrome (20%); Copyright © 2015 all predominated in the public sector. Sequential Organ Failure Assessment (during first 24 hr of admission) score of at least 6.5 presented the best discriminative power for maternal mortality. Independent predictors of maternal-fetal-neonatal mortality were Acute Physiology and Chronic Health Evaluation II, education level, prenatal care, and admission to tertiary hospitals. Conclusions: Patients spent a median of 7 days in hospital; 3.6% died. Maternal-fetal-neonatal mortality was determined not only by acuteness of illness but to social and healthcare aspects like education, prenatal control, and being cared in specialized hospitals. Sequential Organ Failure Assessment (during first 24 hr of admission), easier to calculate than Acute Physiology and Chronic Health Evaluation II, was a better predictor of maternal outcome. Evident health disparities existed between patients admitted to public versus private hospitals: the former received less prenatal care, were less educated, were more frequently transferred from other hospitals, were sicker at admission, and developed more complications; maternal and fetal-neonatal mortality were higher. These findings point to the need of redesigning healthcare services to account for these inequities. (Crit Care Med 2015; 43:1887-1897 Key Words: Acute Physiology and Chronic Health Evaluation II; critical care; education; maternal mortality; neonatal mortality; obstetrics; prenatal care; private sector; public sector; Sequential Organ Failure Assessment T hroughout the last 30 years, maternal mortality has decreased from 500,000 to 300,000 deaths/yr; however, developing countries still account for 99% of these mortalities, while only 1% occurs in developed countries (1). The decline in maternal mortality has also shown great disparity among different countries, as seen in Latin America (1). In Argentina, maternal mortality fell 29%, from 70 deaths/100,000 live births in 1980 to 50/100,000 live births in 1990, thereafter fluctuating at around 40-50/100,000 live births for the next 20 years, and reaching its lowest point at 35/100,000 live births in 2012 (2). During the same period, other Latin-American countries with higher baseline maternal mortality rates in 1990, such as Perú and Bolivia, experienced significant falls of around 60%. On the other hand, Chile, another SouthAmerican country with a similar baseline maternal mortality rate as Argentina in 1990 (55/100,000 live births), achieved another 60% drop, down to 22/100,000 live births in 2013 (1).
T hroughout the last 30 years, maternal mortality has decreased from 500,000 to 300,000 deaths/yr; however, developing countries still account for 99% of these mortalities, while only 1% occurs in developed countries (1) . The decline in maternal mortality has also shown great disparity among different countries, as seen in Latin America (1) . In Argentina, maternal mortality fell 29%, from 70 deaths/100,000 live births in 1980 to 50/100,000 live births in 1990, thereafter fluctuating at around 40-50/100,000 live births for the next 20 years, and reaching its lowest point at 35/100,000 live births in 2012 (2) . During the same period, other Latin-American countries with higher baseline maternal mortality rates in 1990, such as Perú and Bolivia, experienced significant falls of around 60%. On the other hand, Chile, another SouthAmerican country with a similar baseline maternal mortality rate as Argentina in 1990 (55/100,000 live births), achieved another 60% drop, down to 22/100,000 live births in 2013 (1) .
In Argentina, there is great disparity in maternal death distribution according to district income. In 2012, high-income provinces, such as Cordoba, recorded maternal mortality rates near the levels of those in developed countries (16/100,000 live births), whereas in low-income provinces, such as Formosa, rates were approximately 150/100,000 live births (2) .
Furthermore, 70% of maternal deaths occur in hospitals, specifically ICU, as opposed to outside medical facilities (3) . In addition, many pregnant/postpartum patients are so severely ill that they require ICU admission but do not die, representing what is now called "near-miss mortality" (4) .
Of the many reports on critically ill obstetric patients in developed (5-13) and developing countries (14) (15) (16) (17) (18) (19) (20) (21) (22) , only five reports were multicenter studies (6, 10, 12, 13, 22) , with just one from Argentina-comprising only one district and retrospective (22) . As we are unaware of another similar study in developing countries, our primary objective was to evaluate pregnant/ postpartum patients requiring ICU admission in Argentina from January 1 to December 31, 2012 using a prospective, multicenter, national study to describe characteristics of mothers and outcomes of mother and child, then evaluate independent risk factors for a bad composite outcome (maternal or fetal or neonatal mortality). The secondary objective was to compare patients from the public and private health sector in order to find potential differences in the variables mentioned earlier. Our ultimate goal is to provide information that could be useful for the prevention of maternal mortality and severe morbidity. 
MATERIALS AND METHODS

Measurements
The following data were obtained for each patient: demographic data, level of education completed (years), source of admission to hospital (home/other center) and to ICU (emergency department/ward/operating room/other hospital), comorbidity (Charlson score) (23), admission diagnosis, obstetric (occurring only in pregnant/postpartum patients) versus nonobstetric causes of admission (also occurring in nonpregnant patients) (16) , obstetric history including ante/ postpartum admission, gestational age, minimal versus standard prenatal care (at least 1 vs 5 visits for term pregnancies) (24) , parity, and type of delivery. Also the following data were obtained: severity-of-illness scores during the first 24 hours in ICU (Acute Physiology and Chronic Health Evaluation [APACHE] II) (25) (27) , septic (28) or hypovolemic shock (29) , multiple-organ dysfunction syndrome (MODS) (dysfunction ≥ 2 organs according to SOFA score) (28) , renal dysfunction according to creatinine upper cut-point value for pregnant patients (creatinine, ≥ 0.9 mg/dL) (30) , Risk of renal dysfunction, Injury to the kidney, Failure of kidney function, Loss of kidney function and End Stage Kidney Disease (31) , and SOFA scores (creatinine, ≥ 1.2 mg/dL).
Induced abortions and ectopic pregnancies were analyzed separately from fetal losses. ICU and hospital maternal mortality and fetal-neonatal losses were recorded; the latter included spontaneous abortion, fetal death, and neonatal death (32) . Case fatality rates (CFR) for main causes of maternal mortality were calculated as number of deaths per specific disease/total number of cases for that disease × 100. Finally, a composite adverse outcome including maternal or fetal or neonatal mortality was considered.
Statistical Analysis
Categorical variables are presented as numbers (%) and continuous variables as mean ± sd or median (interquartile range), according to their distribution. Normally and nonnormally continuous distributed variables were compared with Student t test and Wilcoxon test, respectively. Categorical variables were compared with chi-square or Fisher test. Multiple comparisons between categorical variables were performed using multiple chisquare test with Bonferroni correction. A p value of up to 0.05 was considered significant. In addition, receiver operating characteristic (ROC) curves were constructed for APACHE II and SOFA 24 scores for predicting maternal mortality. Standard mortality rate (SMR) was calculated for APACHE II score. Different cutoff points for SOFA 24 were evaluated as predictors of death.
A binary logistic regression was built using maternalfetal-neonatal mortality as the dependent variable. Variables included in the model were those related to maternal-fetalneonatal mortality that showed a p value of up to 0.20 in the univariate analysis. The multivariable model was built manually and included variables with a significance level of p up to 0.05 on the Wald test and/or confounding effects (variation coefficient ≥ 20%). The model was calibrated with HosmerLemeshow goodness-of-fit test to evaluate discrepancy between observed and expected maternal-fetal-neonatal mortality values. A binary logistic regression model was built for identification of predictors of cesarean section as well. SPSS 15 (SPSS, Chicago, IL) was used for analysis.
Sample Size Calculation
A sample size of 138 patients was obtained considering maternal mortality as the main outcome, based on a value of 11% described in a previous study of critically ill obstetric patients in Argentina (21) , with a 0.10 CI width and 95% confidence level, as suggested for observational studies.
Ethical Considerations
This study was approved by the institutional review board of each hospital included and was performed in accordance with ethical standards laid down in 1964 Declaration of Helsinki and later amendments, along with provincial laws regarding research on human beings. Informed written consent was requested from each patient or, if unable to provide consent, from the caregiver or relative; once able, those patients consented voluntarily.
RESULTS
Twenty-one ICUs in Argentina were initially recruited, but one was excluded for selection bias protocol violation after recruiting only 11 patients, which consisted in recruitment performed only in predetermined days, leaving the total number included in the study at 20 ICUs, 8 from the public health sector and 12 from the private. Ninety-five percent of centers included were referral hospitals, and the same proportion of ICUs was medical-surgical units. All centers had capacity to monitor high-risk pregnancies with anesthesiologists, neonatologists, and obstetricians in-house 24 hr/d. Median hospital bed numbers counted 227 (145-387) and median ICU beds 12 (8) (9) (10) (11) (12) (13) (14) (15) . Median delivery rate for the entire group was 2,500 (1,210-3,750) per year. Median annual ICU admission rate was 525 (400-772) patients.
Over the 1-year study period, 376 pregnant/postpartum patients were admitted to 21 ICUs in Argentina; one ICU and 14 patients were excluded ( Fig. 1) , leaving 20 ICUs and 362 patients-186 (51%) in the public health sector and 176 (49%) in the private. The number of ICU admissions per 1,000 deliveries was 6.9, corresponding to 6.1/1,000 deliveries in the public health sector and 8. Of the 362 patients admitted to recruited hospitals, 87 (28%) were transferred from other hospitals. Patient locations prior to ICU admission were as follows: operating room (180; 50%), ward (108; 30%), emergency department (49; 14%), other hospitals (19; 5%), and home (3; 1%); 68% of those who had nonobstetric causes of admission (n = 44/64) came to ICU from the emergency department or ward versus 38% of those (n = 113/298) with obstetric causes (p < 0.000). Maximum level of education differed between public and private sectors (Fig. 2) . General characteristics and differences between patients in both health sectors are presented in Table 1 .
Median APACHE II for the entire population was 8 (4-12) with significant differences between patients with obstetric versus nonobstetric causes of admission ( Table 2) . Maximum SOFA 24 score of at least 6.5 presented a sensitivity of 69% and a specificity of 93% for maternal mortality, with a positive likelihood ratio test (LHR) of 9.48 and negative LHR of 0.33. ROC curve areas for APACHE II and SOFA scores are illustrated in Figure 3 .
ICU and hospital maternal mortality was 3.6% (13 patients). Nonobstetric causes of admission (54%; n = 7) for these patients were pneumonia (n = 4), progressive multifocal leukoencephalopathy (PML, n = 1), postoperative nonobstetric hemorrhage (n = 1), and gunshot head wound (n = 1). Obstetric causes of admission (46%; n = 6) for these patients were hypertensive disease of pregnancy (hemolysis, elevated liver enzymes, low platelet count: n = 3 and eclampsia: n = 1), obstetric hemorrhage (n = 1), and obstetric sepsis (n = 1). Three of the patients who died from pneumonia and the patient with PML had HIV-AIDS as an underlying disease (57% CFR for HIV-related diseases). Three of the four patients with hypertensive disease of pregnancy presented stroke, comprising 23% of patients (3/13) who died versus 0.3% (1/349) who survived (p < 0.000); CFR for stroke was 75%. Finally, CFR for most frequent diagnoses were hypertensive disease of pregnancy, 2.3%; obstetric hemorrhage, 1.1%; obstetric sepsis, 2.6%; and pneumonia, 36%.
Seventy-seven percent of patients (10/13) who died came from the public sector and 38.5% (5/13) were transferred from other hospitals. Education level was 8.25 ± 3 years versus 11.76 ± 4.27 for surviving patients (p = 0.021). Forty-six percent of these patients (6/13) presented some comorbidity versus 10.5% for surviving patients (p < 0.000), with HIV-AIDS being the most frequent (4/6; 67%). Fifty-four percent (7/13) were admitted antepartum versus 22.7% for surviving patients (p = 0.010), and gestational age was 27.6 ± 8.25 weeks versus 32.19 ± 7.48 for surviving patients (p = 0.038).
Causes of admission to ICU for the entire group were mainly obstetric (298; 82%) ( Table 3) .
Of the 362 patients, 276 patients (76%) were admitted to ICU in postpartum period, parity was 2 (1-4), gestational age at end of pregnancy or at ICU admission was 35 ± 8 weeks, and 136 patients (37.6%) were nulliparous. Most patients performed at least one maternal health checkup (300/347; 86.5%); numbers were lower in public sector (136/182; 75%) versus private (164/165; 99.4%; p < 0.000). Standard prenatal care was followed by 87% of patients (243/279), 77.3% (99/128) from public sector and 95.3% (144/151) from private (p < 0.000). Denominators changed due to missing data. Gestational age was 30.6 ± 9 versus 33 ± 7 weeks for public versus private sector (p = 0.001). On the matter of patients with known routes of delivery (316), 253 (80%) ended up in cesarean section. There were also differences between public and private sectors: discharge from ICU pregnant (15/ Complications in ICU were frequent, leading to some interventions (Table 4) . However, when a comprehensive analysis of stringent criteria for ICU admission proposed by Zeeman et al (33) (MV requirement, use of vasoactives, lifethreatening arrhythmia, and coma) was conducted, only 40% of patients (144/362) fulfilled the proposed criteria. Notably, 54.8% of patients (102/186) from the public sector accomplished stringent criteria versus 23.3% of patients (41/176) from the private (p < 0.000).
The prevalence of renal dysfunction and its comparison between public and private sector patients is presented (Table 4 ) considering different criteria used in ICU. Multivariate analysis showed that APACHE II score and MODS during ICU length of stay (LOS) were risk factors for maternal-fetal-neonatal mortality, while minimal prenatal care, years of study, and admission to a tertiary hospital acted as protective variables ( Table 5) .
DISCUSSION
To our knowledge, this is the first, largest, prospective, multicenter, national study considering pregnant/postpartum patients requiring ICU admission conducted in a developing country. Over a 1-year period, 362 obstetric patients were admitted to 20 ICUs across Argentina, equally distributed among public and private health sectors. Most patients were previously healthy; however, they spent a median of 7 days in hospital, had a mortality of 3.6%, and experienced 17% of fetal-neonatal losses. Only 40% of patients met strict criteria for ICU admission. Patients from the public health sector were less educated, more severely ill at admission, received less frequent prenatal care, and experienced more complications, resulting in longer hospital LOS and higher fetal-neonatal losses. Performance of APACHE II was poor for predicting maternal mortality. Risk factors for maternal-fetal-neonatal mortality were presence of MODS and elevated APACHE II, while protective factors were higher level of education, being cared for in a tertiary hospital, and prenatal care.
Maternal ICU admission rate was 6.9 per 1,000 deliveries, significantly higher in private compared with public hospitals. These numbers were consistent with previous studies from Argentina (21, 22 ) but higher than in many studies included in the systematic review by Pollock et al (34) . As has been shown in previous studies (35) , ICU admission rate varies across different countries based on inclusion criteria and ICU bed availability, among other. Nevertheless, our data are comparable with that of Pollock et al (34) regarding the three most frequent obstetric causes of admission (hypertensive disease of pregnancy, obstetric hemorrhage, and sepsis), patient age, more frequent admission in the postpartum period, rate of cesarean section, and perinatal mortality. In our study, maternal mortality coincides with that from developed countries. The main difference we found was in MV use: 25% in our study versus 40% in the study by Pollock et al (34) . However, when we consider patients coming from the public sector, the rate of MV use was 40% versus 9% in the private. This reflects the less stringent criteria for ICU admission in this last sector, evidenced by the rate of admissions per 1,000 deliveries.
Consistent with most reports of critically ill obstetric patients (6, 16, 17, 21, 36, 37) , APACHE II overpredicted mortality rates. Different factors could explain this situation: normal physiologic changes occurring during pregnancy may increase scoring points misleadingly, as high heart rate, respiratory frequency, or WBC counts. On the other hand, APACHE II original database might not have included enough obstetric patient data for proper calibration of this population, and/or reversibility of many conditions leading to ICU admission could impact on the predictability of the score for these patients. When we analyzed APACHE II performance by subgroups, the score overpredicted mortality in patients with obstetric causes of admission and underpredicted it in nonobstetric conditions. In the study by Karnad et al (16) , predicted and observed mortality for nonobstetric causes of admission closely matched, as well as in the study by El Sohl et al (38) where 80% of critically ill obstetric patients entered for medical reasons. In our study, SMR for nonobstetric causes of admission was 1.25, which means that observed deaths were higher than predicted. This could be explained by lead-time bias effect, as the majority of patients with nonobstetric disorders had been previously admitted to the emergency department or ward, where might have received resuscitation measures. This could have led to an underestimation of severity of illness and predicted risk of death upon ICU admission, subsequently influencing SMR (39) . APACHE II and SOFA 24 scores presented good discrimination; however, calibration was poor for APACHE II. A SOFA value of at least 6.5 was associated with a high positive LHR for mortality by almost 10, similar to SOFA cutoff point found by Oliveira-Neto et al (40) . Maternal mortality was 3.6%, consistent with numbers from developed countries (34) and with another recent Argentine study (22) , but clearly lower of the 11% found in a previous single-center Argentine study (21) . This correlated with an improvement in economic conditions and prenatal coverage, from 30% of patients in the abovementioned study to almost 90% in this study (41) . Nonetheless, only 77% of patients from the public sector performed at least one maternal checkup versus 95% from the private.
Obstetric patients who died belonged mainly to the public sector, had lower levels of education, presented more comorbidity-especially HIV/AIDS, were admitted more frequently antepartum, and at lower gestational ages than patients who survived. The impact of preexistent disease, antepartum admission, and level of education on maternal mortality has already been documented (6, 42, 43) . Consistent with other studies, nonobstetric causes of death prevailed, with pneumonia as the leading cause (5, 22) . Although pneumonia represented only 3% of all causes of admission, its effect on mortality was most relevant. Among obstetric causes of maternal mortality, the most frequent was hypertensive disease of pregnancy. Of note, 75% of these patients suffered from stroke, an avoidable complication, negligible in developed countries but still a common cause of death in developing countries (12, 16, 22) , and a factor which could be eradicated with monitoring and proper hypertension management (44) .
Similar to rates from some developed countries (6, 45) but lower than other developing countries, fetal-neonatal losses were 17% (16); however, they were higher in public sector and related to lower gestational age and higher severity at admission.
Cesarean section rates among obstetric patients entering ICU are high (12) . Figures in this study (80%) are consistent with most studies including critically ill obstetric patients (34) but higher than in studies from India (15-19%) (16, 46) , which may be explained by the positive correlation observed between cesarean section and gross national product per capita, the urban population, and the number of physicians/10,000 inhabitants (47) . In this study, belonging to the public health sector was a protective variable for requiring cesarean section, while risk factors were prenatal care and presenting with hypertensive disease of pregnancy as cause of admission. Other authors have found a rise in use of cesarean section rather than induction of labor for preeclampsia, despite guidelines supporting vaginal delivery (48) ; some have linked increased access to healthcare (prenatal) to the use of technical procedures for delivery (49) .
One third of patients presented MODS and one-third shock, with septic shock prevailing among public sector patients, which led to invasive interventions. However, only 40% of patients fulfilled the stringent criteria for ICU admission proposed by Zeeman et al (33) , most belonging to the public sector. Nevertheless, this unique population deserves the most specialized care to assure good outcomes for mothers and babies.
Consistent with other studies (45, 50) , patients from the public health sector were sicker at admission, presented more complications, and required more interventions. The severe state of these patients cannot be attributed to comorbidity, as it was similar in both groups; rather, it could be related to delay in seeking care, in accessing health services, and/or in receiving appropriate care (51) . The first delay could be associated with a lag in recognizing the symptoms of illness and/ or in the decision to seek care, which may be related to lower levels of education and/or youth. The second delay is associated with accessibility barriers, which in Argentina are not associated with healthcare cost-as it is free to the public, but with distance, transport, and the cost thereof. The third delay, receiving appropriate care, could be related to the higher percentage of patients admitted to the public sector who had been transferred from less-specialized centers (16) .
Risk factors for maternal-fetal-neonatal mortality were APACHE II and MODS, while protective variables were prenatal care, admission to tertiary hospitals, and years of study. As a severity-of-illness score at admission, it is not surprising that APACHE II was associated with that outcome. Organ dysfunction is, as well, part of the passage from health to death; but what is relevant is that its detection provides an opportunity to act before death occurs.
Prenatal care has been consistently found as a protective factor for maternal mortality (16, 46) , while being treated in a tertiary center may be associated with better system/provider factors, such as well-trained physicians-vital to preventing maternal death (52, 53) . In a cross-sectional study, maternal education was found to be inversely correlated with maternal mortality, even after adjusting for economic status and institutional capacity (42) . This is the first study that evaluates the negative impact of low levels of maternal education among critically ill obstetric patients and their babies.
Some limitations of this study should be noted. This was an observational study and, as such, prone to bias and confounding. The nonrandom nature of the center sampling process may have introduced selection and response bias. However, the convenience sampling approach was realistic and made this study feasible. Furthermore, a large number of consecutive patients recruited across the country and from both public and private hospitals were included, increasing representation and generalizability. Patient selection bias may also have occurred, since only patient accessing the health system were included. Nevertheless, in Argentina, 70% of maternal deaths occur within healthcare facilities. Another concern of this study could be related to its external validity. However, the three most frequent causes of admission to the ICU correspond with the most frequent obstetric admission diagnosis worldwide (34) . Finally, confounding was controlled by multivariate analysis. 
CONCLUSIONS
This is the largest, prospective study of obstetric patients requiring ICU care not only in Latin America but also in developing countries. It provides a thorough, meaningful comparison between characteristics, interventions, and outcomes between patients admitted to public and private health sectors. The impact of education on maternal mortality is demonstrated for the first time in critically ill patients. Important uncertainties, however, still remain. Future research needs to target the development of a severity score for predicting outcome in this population and to describe and analyze the factors that delay receiving healthcare of high quality (delayed decision to seek care, delayed arrival, and delayed provision of adequate care) and to design interventions to overcome these barriers. These interventions should include improvement of general socioeconomic variables regarding transport, education, and income to increase access to healthcare and specific educational activities directed at the general population, at pregnant patients, and also at physicians, to increasing awareness of these conditions.
In view of the exceptional requirement of ICU admission for obstetric patients and the expertise necessary for assuring good outcomes, international registries and networks should be created to analyze outcomes and trends aiming at improving maternal mortality, a notorious indicator of health inequity.
